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{Jenjs Bngo6i.ng Alkallrj^s liigtsefying i%i|5ha'~Amyiase 

Technical Field ; 

The px-esent invention aralates to the geji© Sincoaing 
alkaline l±q\mfjin.g a-amylasa and fragments tMreof, and 
to r<ac:oi5ibinan1: and a traiisf orsiant fearing ijhfe gax^se 
or £ragm&ri%s o£ -feise gens, 

B ackgroun d Art; 

Alpha -aiiiylase bas iong been used in a variety of 
fields. For exassple, it hes been used for the 
sactshasrlf Ication of grains an«3 iiotatoes In the fensentatiqn 
industry^ as stanch paste removers in th© teistiie in<3ustry, 
as *iigestlve3 in the pl>ara5^cautlDai industry; > and for tile 
fiiianuf actiire of thick malt aysfujjs in the food industry. 
Itlpha^-amylas^ is ati ^sn^yme >irhlch sate on e starch-related 
polysaccharides stsch as. asiyloss and assyiopectin,, hydrolya^ina 
solely the a~l, 4-glucoside botid of the poiysacchas:lde jsolesptxlc 
Since 1833, ^s^hesn. Paysn an<3 Persos first discovered thsi enay^jfe, 
crystall|;n^ sajiiples or eleatraphoretitsaily hontogenesOtts samples 
of a~^yiase hw^B been obtained from a nwmber of dif fererxt 
sourc«ss Iriclndln^ bacteirla, fwngi, plant seeds, and 
aftisfeal dlgestl^/e glands, 

I'he pres^snt Inventbrs haxm recently discovered that the 
efficacy of dish-washing detergents and laundry detesrgents fox 
clothes can foe greafcly Improved , psrttcuiarly on staairch 



dirts, wfeen a-amyXas^ m\(S a <3«i5r8,nching &nzftm ar© Jacj-feJs 
lric5orp<3rate<i into tliese deuergsnts { Japaasse Paten* 
A|>pXl©ation Laia-op^n (IfoJca^ 2-132192), However, mast 

pf tke a~ amylases previously found in i;he natural world 
exhibit majsisjal and st;afe;le ferizymatic actlx^ities in the 
siautral to acidic pH ranges, but SGsrcely work in an 
aikaXlrje SQiution qf pB 9~iQ, fJiares sssi-st osil^/ a small 
tmmb&x: p£ sjuylase <anzysi©s that ax© known to exhibit asaKisftal 
iactlYltles itt the aikalin^ pH ratige (so-caiied alKalisi^ a- 
aajyiases and alk^li-resi,stant ;a~ajayla3es). fh^se alkaline, «~ 
am|flases aiid alkali -fssistaiit a-amjiase lnai«de, an • 
enzyme produced by Bacliliis a^ [Horikoshi., K. at al. , 

Agric, Bxol. Che?n. , 35, IT83: (1971)] , an enzyise produced by 
Sacillws sp. HHI^L B-Sasi [Boyer, , J, Bacterlol. , iiO^ 992 
(1972)3, arv enssym^ prssd«ced by ttreptppyaes sjp, KSM-^-S < Japanese 
Patent ^pijlication L^id-Op^n (JcoSEai) f^p, 61-209528, an enzjme 
produqea by BafiXIlus sp* E-167 (<Japai>ese Patent application 
Laid-open (JciJkai) No. 62-208278, an anapje producea by 
BacillMB 0.1kBl0tMrmopkttixs h3~B { Japanese fetent 
Applicatiox:i Laid-open (kdkai) Ko, 2-49584, aiK? an ens-pie 
prbduced by iVatronacocctJS sp. Ah-36 { Japanese: Patent 
Application li,aid^Open ikokm.^ Mo^ 4-211369, 

iis usfed herein, th^ tetsi "alkaline a-ajsylase" refers to 
a-amylases v?hose s>ptlsft«ro pHs fall *?ithin the alkaline pM 
rang®, wherea^g the term "alkali -resistant «™amylas«" refers 
to a-asijylases which have optitoim pBs st?ithin the neutral to 
acidic rax>ge but whose activities in the alkaline range are 
coaiparabla Mitb those obtained at an cptimMti pUj and in 
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addition, which XB^mtXi tiieir stabilxliies; in *h© alkaline 
srange. By t;ha terss *'n'e«t2rsl range" is js^^nt: tl>e range of 
not less than 6 ana less than 8, and the tferm "alfeallhe" 
denotes a pH which is higher than the "neutral r ange ' , 

Most of these alkaline a-ajtiylases and alkali -resistant 
amylases are so~caiied saqchari fying cx-api^^lasas iirliiiqh 
deoomposfe starish or stardb -related polysaccharides to 
glucGSBy in&ltbse, ot i»aitbtriose , such, these !BmzymB& caiuse 
prpbl^s if they are «©eiS «is enzi?nj^s fpr detergents, though 
th-ey are advantageouslY used 1« the mariufaisture of sugar. 
Thus, there remains a need for so-call©a' alkaline .liquefying 

amylases which exhibit resistance against surfactants 
ased in detergents, at^d which decosspose starch: or staroh- 
related polysaccharides in a highly rai^dpat manne?^;, The 
present inventors odritiritsed an eKtensl%?e eeairch f cr 
microorganisms producing an alkaline liquefying fit~ansyXase 
^ui-teshle as a detergent comppn&nt, and they disodver^d 
tl>at an alfealophiiic Bacillus sp, KSl^-»AP1378 strain, 
having its optimujs pH for gxx^wth in the alkaline range, 
produces an ensysje exhibiting the activity of an alkaline 
ixqxief ying a-amylase. They elucidated that this enssyme 
is useful as an additive in detergent cOsftpositions for 
washing dishes and kitchen utensils and for detergeht 
cosipDSitipns for elothes (Wd94/2688i | . 

Asidunts of the <^nzy3ftB produced jaav be. effectively 
increased by improving a aiethod fox culturlng an alkaline 
liquefying a-amylase-produoing sslcrporgai^isav, Bacxllus ssp. 
KSH~AP13?8, or by esipleiting siutation. However, in order to 
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another approach ssuiSt be taken, 

^jomita of an es^sym© pro?iuoed can is© ersJia&ced using a 
gepetic engineering spproacii, and jin addition, the catalytic 
properties of the ensysae can be. improved, usiacf a protexR 
engineexring approach, altiex'iijg the gene ©nco4i^g the mxzYtm, 
However^ tha gen© ©«cod.i»g an alkaline 'J.iquefsriBg a^a«yias® 
has not 3^et beers obtained, 

hac2ox0±nglyy an abject of the ps-es^nt iaventlQn is to 
paroviae the gene enqoding alkaXi^ne liQ:«ef5?irig a~aisy wid 
fragments thereof , a trans formaiit hax-boring racomhihant DNA' 
co^TtBlng the gene, and a fuetiiod for producing an alkaliae 
llqn^fYxnu a-assylasa using the tran.sforj5sant- 

fhe DHA encoding the aikaiine llQiiefying «~am::^iase gene may 
be furthar u^seS to psodjic-a probes to be uaetSi £n the isolation of 
additional, hojaqlogo«a aXJkaiine: llQuef^lrig a^&^m^l^B^ genes from 
other mlcroorganissass. Thus, an addxtiorial objeot e>f the: present 
iinvehtloh i-O provide at j^aans of screening for and Isolating 
additional alkaline llguefying a-ass^^Iase ensymes. 

gls closur'^ of the Xn.yBnt:i.on 

The present inventors atteMptad to xsdlate^ from the 
ohromosossai B^A of an alkaiophillc Baellltjs strain> e xmK 
fragpiient contaiping the gene encoding an alkaline lii^uefying 
a-as5jlas^, and aa a result^ thay were succassful in 
Isolating an approssisaataly I > 8 kb DMA fragment encoaing an 
alkaline ligue,fying a-amyiase, When they transforjjiaa 
a host ssietoox^gaivism using this fragsiant ligate<3 to a 
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s«li;ai>ia v©ci:or. It was csoaf itmed that the xesultant 
recombiaaat microorgaiiiBm produced an alkallnei liquefying 
ff- amylase. Moreover, it was fd«i>d i:3ist the milho 
asld requeues of trhe alkaline liquefying a-asirylase 
to be encoded is dif fsrant from that of previously 
known amy-lases , The pz^esent invention: w^s accojapiished 
baaed on this finding, 

Aetsoridlj^gly^ the ptBB^nt inventiori provides a DNA 
f ragnierit encoding an alkajLin^s iiqw^f ;^ingi a-mAfl&,^^ . 

fhe present imveintion also provides a recombinant DNS 
«3cw»pri«ing the above-described D^A fragssent ^needing an 
aikaliue liquefying a-araviase» 

Th^i present invantiois «lso provides a traJ^ioarsa^d 
jnicroorgaftism harboring the iatooves-^ described reopj^inant DKA 
domisrising a DKA f rapnent; encoding an. aikallne iiigw^sf jing 
a~a«iyiase. 

The present iiwej^tion fiirther pxoiij'iEies a method fot 
prodv^Cvii^g &n alksiine liquefyinig a^asiyiase, by cu.l taring 
tJ^e above-descrlbeqi transf or-med microox-ganisjs and coileGting 
the gsjizyme. 

Br ief Deserip ti on of the Pyawings 

^ig, X shows a restricstlon enzyme map of a fragssent of 
the gen^e encodlrsg an aikslinei Xiquef yijig aisi^jflase? 

tig, 2 Is a chart depicting constriiction of pAMLiOO 
jisiag a fragment of the gene enooding an aikalina liquefying 

BUg^ 3 Bh&WB nucleotide sequences of prisjers usad^ 



Fig, 4 is a: pH profile of mn slkaiijj^ liquefying a~ 

Best: Mbd^ £bg Carrying Ou t lihe Iny anta^o^ 

in t:ne present: Irs vent ion.,, a useful sloroorganisjn which 
serves as asi alkaline liquefying, s^-^^iylase 0©a8 doJi^r 
jaay b©, for BSsaEspie, Bacillus sp- KSM~MiS7B {FERM BF-~3048, 
de^osi^ed July 24, 13B9 iti Fens^entatloa liessearch Irvstitute., 
Agency of Industrial Science and tecJinology of 1-3, Higashi 3,- 
dhome, 'Tsukuba-shi, itearak;!^ 305 Japan), which is an 
aikaldphilic; B&txlius strain. This st:,rain was iscsla-fced from 
-feh® soil in the vicinity of the city of Tochlgi in Tochigi ' 
Pr«>.f ecture, Japan by the present inventors ixM IdejJtif ie«i as 
a strain which produces significant ai^ounts of alkaiin^ 
ligwefyiag a-amylas©. This str^ih was de^posited at the 
F^rxaentatiGn Ees^arch Institute, Agency of XndustrlaJl 
$ci0nce and l^echrJology ( Higashi l-dhbiae^ Tsukuba-shi, 
Ibaraki-ken, 305^ Japan) under FBtm SP~3S48 on l^ugust 8< 
199G (orijglnally deposited as P-1088S on July 24, 1989). 

In oKd&r to obtain chrornQspmai Dm f rosn a do«pr 
Hiicsroprgahiism, the ssetbod prbposaa by Mamur, a\ < J. Mol, 
M.2:|ui.' (1961)) or the ^^thod proposed by Saito, H. 

and Ss^iura, (: Siochem . : Bio phy g^;^_jte^ , 72, 619 {:19S3)) 
may b© used* Othe:r similar saet hods isay aleo be u^ed, 

SKA fragmantiS cosipx^ising the alkaiine iiquefvinq 
fiit-assylase gone are prepared by cleavjj^g the thus- 
obtained Gbromosomal. DNA using restriction, enzysjies. 
Restriction enzymes which Ksay fee used are not partloulariy 



6 



wo 97/08324 FC17jrffeJ01ij4l 

il8i±te<5 BO Imtg as t:hey do not t'ragaient the gene, The 
ailsaline liquefying a~ amylase gene also toe ofetainetS 
by FGB {Maills, K,S. and Faloowa, F.h.i }m±fm&B 
EnaymoX . , 1S5, 33S C19S7)? Saiki, R, K. fetal,, Science, 
239, 487 {1988)- For sxasapie, the gene may be obtainoa 
tl^rough tbe syntbesis of pariiRers ha^i^g saguences 
ddtresponding to those on the upstream sifle of lihe S ' - 
fcosnjsiiKus and on th^ downs-fcxreast ^ide of the 3 ' - terminsie of 
the esssntlsl region basSid on the ntjcsleotlde iseguence 
desDrifo&d in Se<|uenqe isJo, 2> aiid siibseguehtly fcohSucting PCe 
o^ing, the chromosomal tillh of mi &.l)iB:l±ri% X±qu&.f.jxng 
a- amylase- producing microorganism as a tei^pXate. ' /' 

Alternatively, m\ intact gene may he obtained by first 
ohtainlng a fr^gm^nt o£ tile alkaline liquefying a^amyiase 
gene from an alkaline ilqTjefyihg at- amylase - 
pxroiS^cing microqrgajiiem using any procedure, fdllowed by PCB 
whiqh asiplif ie^ the; upst;ream and downstream siaes of the 
fragffieBtary gene. 

The thus -prepared genetic fragment is then subjected to 
cloning. Host/ vector systofijs which siay foe used are not 
particularly limited ^ so far as that host bacterial strains 
express the alkaline liguefyihg d-assyleae geh© of 
the present inyentipn, that the recomhinaht DHA mGlecuies 
can toe: replicste4 In the ho^t feaoteria, and that the 
integrated gen<e can be stably harbored. For aKasiple., 
Stfesnbers of the EK system in which the host is s, eoix K-12, 
and members of the BS system: in which the host is Bacilli^a 
subtil is Marburg^ may be used, tjse of the EK ay stem, whidh 
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encompasses many Kin<is of vectors and which is ©Ktensively 
studied gej^stieaiiy, provxdsss godd resiiits and t;hus is 
pref erred, Spaelf i«3 e«a»pie« of foaat i^adferia xhdlude 
HBlOi„ G600, and 3H1Q9 of the; EK svstefe, ana BD170, MI 112, 
ant^ ISM12X4 of the BS system^ Sprxca.fic eKassples of vectors 
include pBR322 and pUClg fpr the EK sYMt^im, and pUBlIO and 
PHY300PLK for the BS ^ysteiSv 

A retsomtolimnt Jflasstsid DN^ tolacuXiB is created foy 
cleavirig a vectos:- wii:h a restriction eiisj^ise fellpwsid by 
ligation wiUh tiie sboye-^ffientioned obromosbmsl or FCE- 
amplifiad PK';?^ frags^ent. The ligation may be achieved, 
for «5Kample, through the use of s DNA li.gasis. 

Methods for trans formii^ host feactexial ^trMn^ using a 
reoojt!blha«t DNA saolecule are ndt particuls^rly iituitea . For 
example, a calcluja chloride methoa^ (Mandel^ M- and Higa^ A,^ 
3, Mol. aiol,, 53;^ iSS (1970) ) siay be used in the case of 
hosts o£ the EK syatesis, and a protoplast method {Chang, 
and Cohan, S,M. , < 3,68, ill (1978)) fRsy be 

used in the case of hosts of the BS system. Selection of 
recombinant sjicroorganisms ax;e p^forassd as follows. :Fir:St, 
mi<2roc3rga:nism® which have Jseeh trans ^oarm^id with DN^ whioh 
contains a yector-»derived DNA ftagaient are s&lecsted, nsing 
as aa inden a cfoaracter which is; hot irtactiv^ted hf 
Insartion ©f easoganoxis chrojsospiaai pUh fragments, 
such as resistance to an;tihiotlc^ coded onto the vector DNA. 
For -example, in a specific case in which pBR322 of the EK 
system is used as a vector., and a Hi^dlll fragment of 
cxl:s.tGmdsomal Dm is inserted into the Bl|adlli: cleavage 
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Site of pBK^iSS, the te-tracyclins raslstast g«na is c£aactivat®i3 , 
so a primary sei«iCtiori m^i^ hm oonaucted fey gKowtH of th:© 
t^artsforisa^rits trhat coaffer ai^piqillln t^ssis-tanoe Witho^it 
having a Etti^J.it dieav'ags site in the aKipiciliin gane. 
Sttbseigufently, the selected traasfersjrants are transferred onto 
agar plates containlrig starch. uBlns, for ^jsasjpX©, a repMca 
siethpd, ana are ttei cul;t\ired ais to form CQioisies, By 
staining the ^«arcJ> contained in tm ^tarch*cont;ainiiig agar 
plates «sxng an lodlne-cofitaining solution, ta:j;'get: tecomtoinm-st 
isicrbprganlssis can be selected: as thay <3eGOSRpdse atateh 
around t:he colGnifes , 

The recombinant DNA molecule harbored by the thus- 
obtained rscossbinant micx~oor9a«li?K! can be esftraoted using 
standard pr&c&^nT&s for ptapabing piasmida or phage b^As 
(Mani^tis^ et al.^ MoXecular Cl oni ng, goid S|ixring gaarbor 
t-aboratory. Hew York ( 1982 ) ) . When cieai^ag® patterns 
qbtaisi^d tharough the use of various restriction enzymes are 
analysied by eletctrophoresia ^ it Is confirmed thst the 
recombinant; DNA JfSQlscuXs is a ligatsscJ prodvict of the vector 
DMA molecul© and a 0NA fragmenf: contalniiiQ the aikaline 
liquefying a^airtyiase gane. 

The gene encoding an alkaline; iiqliefying «x~amylaa© 
is contiained i,n a PHA f ragj^ent of afeout 2 . 1 kb shown 
in the rastriGtion ensys?a map of rig, i, and is pres-snt in 
tha ssgjaent of afeoUt 3.v6 kfe sho%?n by the white bar. Ths 
§snB has a hucifeotxde sequence shown as Seauence No. 2. In 
this ssg«ence, the 5' terminus and 3* tarmlnus correspond to 
the left-band side and the right-hand side, tespectiyes^, of 
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tlie fragment of afoput 2,1 kb shown as Sequence 2, xrs tMs 
se«iu^nca is observed an open, reading' frmse ( OEF) stisrtihc? 
at the 145th nucleotide^, AfQ^ and aoMxig far a ssguenoe 
corisistittg of Si6 &£aa.ti6 sold x'esidues describ^si ii-s 
Segtsence No» i, Thirtesa foesas (13 b) upstream of the ORF, 
tliBrs exists a sequence AMSCSAG which is highlj^ cosplesmntarY 
to t,^ie 3 ' tarmlBv=tX B&^u^n&& of -fciaa r ibosomai Rk«k of 

256, 11283 (1981)) , On & i^rtliBT: v,pBt^&sm^^gxoxi B^t^^rit^tng 
macleotljaes fsrom 9 to 36, there eKi;^ts a s&quenca T?rC5AM. »v-.. 
iBfo . , , > . TATSSGT which Jigss high hoaiologY with tim consensus 
sequence of a cf^-typa jsromdter (Gitt,, M.A. at al, J. Bioi; 
Che;g_^, 250, 7178 (X98S)). Similarly, another o^~typ® 
prompter sequence is found at malmatims from 93 to :i25. 
I^he ami«o sequence of ih© 10 aisinp acid resildij^s on 

the amino tsts^ffl^intts sia® In an alkailne liquefying a-assyi&se 
purified from culttire df BacHlus sp. KSH-APIBT^S 
coincides with the sequence Extending from the 37th amino 
acid (aiBino acid Nos, 37-46 in Seqisenee No, 2) deduced fros-si 
the nucleotide sequence of the preseiit DNA fragsaent. 

When the .nucleotide sBqmmm of the gerie of thm present 
iiwentioa and a deduced e^ilno ecid sequence %^ere oompared 
With those of d-'asij^lase known hltihsrto, it was conf Irifted 
that the present §ene includes a npy<&l nucleotide seqwencea, 
>«i,th the deduced amino acid sequence encbderj by the Qone belno 
dlftBTrnxt from those of other a-amylases such as © liauefyinq 
«~ajsylase produced by BacllluB msylollque (Takkipen, k» et #1.. 
l^^BloI^hgm^, 2S8, 1097 (1983))^ a liquelyihg a-amylas® 
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|}r»duca<J hj SacilliiS Bt&a:rothetmopMluB WmMar^ism^ E, #t > 

produced by B&eillu0 lichen t^axMis (Yutjki , f et" al^ , J, 
Biochem., 98, 1147 (198S)L or liquefying a~ amylases 
produced by B^cilXizB sp. ?'0v (Tsukamoto, A, ef al.; Siochenu 

Ah. essa^ssple of a pxef ©rreS recossbinant pUk molecule 
cdntsining; the entire ragloiri of thm slksiine Ixqtsefying 
a~&mylSiBi^ X& pl&smia pmi^WQ (Fig, 2). rscoatblriatjt 

jjlassiid has a sis^e of 4. 4 kb and foxitRed of a f ragmejit contaiKing 
m i-S kfe fragment «r«lcfe eoiitains the alkaline Ilmisfying 
a-»aKiylass gene and pUClS. An exaisple of a preferred recoSJbiHsnt 
micrc5orgv=s.nism harborlxig the r^,ap^hijimit pHh mol^^cnXm ±& an 
M. coll HBlOlCpAMLlQO) stralri. fivi.s: strain was obtaln^(3 bjf 
transf pricing coli HBlOl strisxij with the rec*?iftbxriarit plasmld 
pii?*SLiDO uislng a standard transformation sistfiod. When this 
strain is qiJltured using a m^diusa routinely essploi^ed £<st 
oulturing E. c&li. It produces an alkaline liquefying 
4<i-a»ylase- The optisiuBi reaction pH of the tbi:ss;~proaueBd 
xm pH Br-«i. This agrees well with the ^ctlvity~pH 
relationship profile determln©^ for the alkaline liguefying 
a»-aiRylase produoed by the gene donor badtetlal ^ttniti, 
Bacllius sp. ES!H--AP137S (Fig. 4;)> 

'5>ha fragments of the prsseat Invention are not 
neces&arilY limitssd only to those encoding the ajsino acid 
sequences Showx^ in the below-describsd sequence listing., so 
far as they encode a protein exhibiting, the ensymatic 
aetlvlty of interest;, and they encoHipass Pf<JA fragments 



endodiag an ainxHo acid seguesice in which ps3<^ snore aniino 
aDids are sufostitvffceidi addesJ, delated, iavesrted, or 
iriserted. An essamg>Xe of six^h D% is onss encpdiog an amino 
acid ssguence e^^ui'sralenij to the ajnino acid seqiisnce 
a®scrifee.a in Steaxiencsfe Ho. 1 ffcom which up to 32 amino acids 
on the K«~ terminal side have been deleted- 

In order to produce an aikaline llquafyinp .«~aa^X-«sfe 
lislng tte transformed is^Loroorgairsiasn! of the present iiwentioh, 
a transformed microorganissv hairi^orlng the afpremerstiorj^d DHi^ 
fragment of the present xn^entipn is subjected to GwXttxrij:^^ . 
Alternati'ViSiiy the nm tr^gsmnt may be initegrated in a yariety 
of expression vectors to ofotairi transformed microorganisms 
with enhanced expression ability, followed bj culturing of 
the .resultant transformants. s^ox-eover, the transformed 
jsiief oorganisms maj be culturad und^r different eqnditions 
dapendinf eh the identity of the aiicroprganism®:- ThuB^ 
esuiture conditions suited for the host may be used. 
In order to collect an alkaiine li<juefyin^: a^^-ainylasse from 
the resultant cultur^v a routine method (such as the method 
described in W094,/2688I ) 5«ay he used- 

The DNA fragments o.f the present iswentlon ssay be further 
used as probes for the Xsoiation of hossologous alkaline 
lilquef^rihg a-antylase genes from other organisms, 

Essampies 

^he present invantion vill next foe described In siiore 
detail by way of eKan^ples,, t'jhich should not be construed as 
llsalting the invention thex'eto. Concentrations in the 
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BKampies are all on a basi:® ot % by weights 



Bacillus sp. iCSM~-APl378 prdducing an alkallnsii liquafylna 
a-amylase -s^as inoculated in 5 ml of siedium A {Table 1) and 
subjected to shaking culture at :aO''C for 24 ixours* 
OnB mX of the cultiure was Inpcuiated iOO ail of tiie sasse 
medium, folls>%yed by Shaking culture at 30 fqr a fiirfeher 3,3 
iioursx Subsequently , osll^ %?&re oollectied toj? centrif ugaiipn 
mn4 about I tag of chromosomal DMA t^aB obtained in accordssjce 
with s snethod proposed by Saitd and Miara (Salto^ H. and 
Miura , ^9^.^^ 7.2 619 {1963 } )* 

1?ai?le i 
Cosjjiositioh of ssedium A 

SoIu.bie. stax-oh 1,0% 
Po lypap ton i . o% 

)Jeast eastrjact O.S% 

Nas^^^^^i^ " 3-282^ 0-25% 

HgS04-7H2Q 0,02% 

CaCl 2 ' 2K2O 0 , 02% 

FeS04-7H20 0,001% 

MnCl2''4H20 0,0001% 

^®2^^3 1-0% (separately 

sterilized) 



It is known that many msaeex^s oi the aiRylaae f amily 
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I-IV regioR® wiism aaiino acid segxiesices ar^ 
donsfexvesS at a high le^el C^lakajisaa, E> ©t al . , Agp l, 
Microbiol. Bim&cmKil. , 23, 3SS (XS86)). Therefore, primers 
1 and 2 (Figs. 1 arsd 3); pbrresponding to regiaRs 1.1: amf IV 
were s^flrvthesissecl basfed on the cur.ino acid sequence, of 
region II and the sssino acta siaguence of region IV, 
which are particuXarlf consarved rsglorjs a-inbscvg regiosis 1 
througti iv of kuovm ^tkalin© Ixsjuefying is-asaflases; * 
V&lhg the thus-^s^nthesiae^ primers ajfid chromo^ojsal DNA of 
KSH~^AP137S {which ^einre<^ as tampXat:©) , PGR vfas Conductied 
ime cycle « g4*:G ss 1 ijiih. + ia'^C x 1 miB. * 60'C x 2 jRxxi>, 
36 cyoXeis)* A g®3i«s ftagmant of approjjima-fcely 0»3 kb 
(frac?ment: shown in Fig, 1 was obtained, siid the nucleotiae 
seguence of this fragment was deta^K^irsetl:. Ass a jn^sult^ 
it Mas found that the prese?st fragfisent was coded with an smlm 
acid seguenoe eKhihitihg a aon-n^gUgible l^vel of homolqgy 
With the amino acid segu^nce ©jst^nding afrcsi rtegioh XI throsigh 
region IV of khoti?n iiquef ying ajsyiaa^. 

Example 3; 

Using fragment A as a probe, xihtom&ox&^l mA of Mb^- 
digi^^ted KSU^M>i37B was; s^jfojected to Southarh hfhridizatioh, 
As a result;, it s^^s confirsaed that th^re v?as a band Which 
%brldi!sed at the location of approssimately 1 .0 kb « An 
ampl iMM fragtsemt o£ approKisnata^^^^^ (fiagment B) wsis 

obtained by an isi^erse PCR method C^^iglia, T< et al. , 
Nucleic Acids Res« , 16, Bl (198S) > using primers synthesissed 
from the tarminal seqtsenoss of fragment A {on th© 
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side q£ region II; jsrisBer 3; on the si^e of x^sglon IV' s 
primer 4 ) aijid DN^s «|iieh had feeen obtained bj^ 
Intrambleciilariy ll^^tittg X&ai -digested itS^^-M»l:^f 8 
ciiKosnosGmal DMA (Fig. 1 ) as ftempXat©- *ha riwcleotias 
sequence of frapisent B it&s determined, which revealed that 
the. present fragment contained a stretch, apprpKissatslY 
Q,6 kb region doWiistreaKi from jcegias^ The present: 

f ragjaent contais^e^ a tOTinatipn oocion £ot the which 
vras deduced to be attributed to aikaiine licfuefying a-^ssyl^ae. 

Exasftple 4 e 

A priJser was Sesigned and ssmthesized b^ised on the N~ 
ters^insl. asKxno acid sequence (7 amino acids) of 
slkalix^a liquefyirig a-m^l&BB frdai the ESM~AP1378 straia 
(Fig. 3). Using the resultant prisaer {primer 5) in 
comblt^eition wit^ (Fig, 3) arid; 

as a tejtsplat^^ dhtomcssoisftal PHA of ESm-APlW^B^ Ptu was 
conducted to ototaisri a :£rapRent of approKxniately O, ? Mi 
C fragment C, Fig. i), thereby? detfensining its nucleotide 

A primer containing 21 fe^ses, stretching directly 
de?whstreaj»; of the nucl©otxdfe s^^u^nce enooding !>l-termlml 
a^lno ac-id seijpensse of tJse purified mnzymB, was uthesized 
(primer 6 J, 0s±n0 primers & and 7 C^ias. 1 and 3) and DSAa 
which haa bean obtained by iatrastcsXscularly ligatlr=3 HixidlXI- 
digested ,KSM-^b:1378 ehrososomal DMA (Fig, 1) as templates. 



imBrm P<M mmho^ was performed, pfotsiniftg a 1.2 m 
fragment in w^icsh an x^pstriBam 0.8 kh fragment ifr^agRient D) 
m& a. ^omistr&m Psei-Hladiri 0.4 kfe frsgmeBt hsd been 
iigated at tim HindLll site. "X^he hucleatiSe sequence of the 
fragment ts region, was determined, which revealed th-s presence, 
of a signal seQusncis composed of 31 ajaino acids?, 
^1ELHI^RX,XSVLLTLLWA\^LrP^TEF^QA (from No, 1 to No. 31 £!f 
$^q\3tence Ho, 2), a cledyced. SO ssagi3aiicfe eompostea of ^(SG^G 
(nucleotides 1$7-132;? McLaughlin , J-H, afc ai, , Jv Biol; 
Cbm^f 7170 (M8S)>, mi^ t:wo Hincis ?:3ri dedticed psroisot^r 

sequences ( -35 sequfence^, -10 sequence, TkT^^QT, and 

Usis>Q priper located at stpprostimately 0*1 kb tspstream 
of the parpmotjer :se<3uence, prissier B Ipcated 79 h downstream 
of the termination apdQn, and chroHiosoBial DHA of KSM-AP1378 
as templates,: a stretcb s>£ apprd^sxisate3.y 1.8 kls bstvireen the 
primers; was amplified hy FOE, ^Jse tesultant amplified 
fragment was inserted into the Ssjal sslt;^ of pUClS, and then 
introduced into coll HBlOl, The transformant was allowed 
to grow on an LB agar laedium containing Q^4S Starch asstjre aM 
IS pg/ml ^mpicillin.: Cq|.Giiies which had formed transparent: 
haXos arouhd thaas ^ere isolated as m coil strain that 
prpducea li^uef:ying a-ajisylase, h recombinant piasmid w;as 
Ssrepared from this transformant, ^nd a restriction enasyji^e ssap 
of the plasfmid was mafe, in the amp,, it was confirmed that an 
approKimataii' 3->8 kb DMA fragmei-st (fragment E) shown in Fig, 1 
was cosatainad. this recombinant piasmid was designated plasiaicl 

16 
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T^e recosnfainarit; iSi coli obtained in Exaropie S w«ts 
suhjetsi-ied ±a Shaking ouit-ure iiox 12 hours in 5 ml of a:n LB 
liquid medium containing SO jig/jal of asapiciilin. . On© {1} isl 
of the ouXt^ure was inoiSul:ata«3 to ISO ml m m iB meidi^im 
(oorit^ining sinpiciXilnj^ -goilowd s^h&k±ng Giiltux%. at 
37 "C for 24 hours. Cells colleetesS by centrtftigal 
separation wesre s«!Spe»d®a in *rris-BCi buffer (pK S-O)^ aod 
W(©r<^ disx^ptiEid by sonication* Af ter the xjell^ were sanicated, 
aeil debris was reisoved by centrifugal separatioxi, ajio the 
rsBuI tan t sujiernatant was used as a cell -free extract, As a 
control, tiie cell-frae extract of HS1S1{FUC3. 9) strain was 

activitli©^ in these extracts v?sre Hseasiiuresd by first causing 
a reaction, at 50* C for 15 miniites, in s rsaGtion jaijstur© 
containihg 50 sa*5 0iyclne--NaC3,~MaOH b^ff^r (pE iO) and 
s0iuble starch, and then by qnantltati%'e:ly «3ete.r;mining the 
produced X educing sugar by the 3, 5~aii>itrosaIicy.lic acid 
method {^094/26881). One unit of enayrsatic activity was 
def in^ed as the iamoiiint of prptsln that prodace^ a quantity 
per minute of r^duoing sugar equivalent to 1 pssDl of glucose. 
Kb a result J a-afisylase activity was detectsd in the cell ^ free 
e;^tract of iStraiiii HBlOKpAHLlOO) , Thm optimum i-sorking pH of 
«~ amylase was f?>un.d t«> fall within the pB range between 8 
and 9 . This result coincides wel l with ths optimusa pH of 
liquefying a~aswlase produced by Sacilitis sp. KSM-AF137S 
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(Jpig. 4 ) , Far -fehs m®agureme^t^ ox mssj-roatlc acti,\?ities^ 

th& buf fers mhovm Xn *l'ai3le 2 below were usetS Ceacsh at; 40 wM) * 
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table 2 

pE 3 . 5-5 . 5 : Acsfca-fce jSuffer 

S.S-B,5; Tr^L^-5a®lalc acM buffer 
pH 8>5~X0,5; Gljcxrie-|sfaCl~NapH buffer 
pH 10.5-11.0: Ha2C03-"ISa:IJC03 feuffer 

W m W ivi W W W HV WWk WM MW rt^ ,41^ 4^ fi^ «u juib uv, JW 'vil w VM WV'WH m'vM MV W. ^ W.Wl w «. 

According to tbe present immBtian, it is possible to 
otetain a gemB encoding for alkalls-ie liquefyina a-amyiase 
ejshibiting th«. majjiitiuja activity in -the alkaline pH 
range ss well as a mi.<sroGrgsJTsiS5s, harboring sach gme* ll^e 
of t;hem fscslHtates jsias4' pro(3uct:iiDn af alkaline lifjuefying 
a^asiyliase- 
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intoTm&lixpn for Sequence Mo, I; 

( 1 ) S^gtienc4 Charapterxstics : 

(A) Length; 516 smino acids 
C B ) Type : amino acid 
(D) Topology; Ilnea:!;" 
(ii) Molecule fype; g^agtide 
<^i ) Segua»ce Besprajptiqri: sequence Irfp. 1; 
fet lys Uu His: ^^g. |ie Ssr ^al m leu Thr Uu Im Un 

Ala Mt kU m-Uu Phe Pro Tirlki Thr Glu fro Ala Sin Ala His 



^0 
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His Asn Bb Thr Asa 6ly Thr hkt &t Tyr Phe Sly Irp His Uu 

.ifi if 
4u 15 

Pra Asn Asp GJy Asn His, Trp Asn Arg Leu Arg As? Ate Ala Asn 

§0 55 gQ 

Uu Ser Lys Sly Ih tht Ala VaJ. Trp Uefro Fro hit |fp Lys 

TQ ts 
Sly thr $m m isn Asp ¥al Oiy Tyr Gly Ala Tyr Asp Tyr Asp 



leu Giy GN Phe Aso OIn lys gb T^f Val Arg Thr lys Tyr Giy Thr 

iO§ 06 iio 

Arg Scr Gin Bin Giy Ala Thr $:er leu Lys Ase Asn G!y H 

120 

Gin lal Tyr Gly Asp Val.Vaj: MM Asn His Lys giy Gfy Ala Asp Gly 

m 

Thr Sly ?aj Asn Aia Val; Giu Vai Asn Arg Ssr Asn Arg Asn G^n 
^ m Igo 
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Ulu lie Sfif Glj Mm tfr Thr 5ip G-u a;, f.^ ts- w-^ m , 

-(s, j.b Ljs f^?g i\sp Bhe 

I.'U 115 
Pro Gly Arg Oly As. Jkr liis Ser Asn m hm Irp Ar| trp tyr His 

m 110 
i-^^i^ Asp ily Thr h^p Trp Asp SIg Se? Arg Gin tar Gin Mri Lys iig 

^SS goo 
Tyr Its Ph. At, Gly Thr Si, i,s Ma Trp Asp Trp Slu Val Asp. m 

218 v-^^^A 

8Ui Asfi Gi>' ,*^sn Tyr Ass tyr ^jw T"- 4?-, av >, * 

'V>, ^#4: J^^el Ala Asp lie Asp Met Asp 



230 fjic 
hm no yu Va! He As, Si, i;e« Arg As. Trp Biy Val Trp Tyr thr 

:2§0 ggg 

m Thr Asn I., Asp g ly Ph. An He Abp m m llil l ie 

260 205 
t:ls tyr Ser Tyr Thr Arg Mp Trp leu Thr Hrs M Ar. Aso Thr Tfe 

2m ggg 

Sly Us Pro Mat Ph. 4la Val Ala aiu Pha trp ty. fe, Asp Leu Ala 

m 2S5 
Ala ile Sly Asa Tyr Uu isn LyrBr Ssr Trp Asii Us $m M fkn 

^ ,2^8 SIS gg^ 

As, fel fro le. ^is Tyr A.. 1.^ Tyr A^n Ala Sar As. fi^y Sly 
32i 

Tyr P^. M; Arg Asn He Le. Asn Siy S,r W Ul Mn Z Ms 

3.^r 

Pro 1 le ins Ala Vai TSj P|,e #ai A.p hsn Urn Asp Sar Gl^ Pro Gly 



360 3g 



0 



Ala Leu Gly Ser a, l?ai Oin Ser Trp Phe ly. Pro leu Ala Tvr 

m aao 
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Ms. i$ti lie isM Tinr Arg Sin Gly Tyr Pro Ser Va! Hie. Tvr 
3S5^ 3S9 

Asp Tyr Tk 6iy ll« m m His Gly Val Pro Ssr Met Lm Ser U§ 

410 di?; 
Ue Asp Pro ls« leu gin Ak his Sin Tfir Tyt Ala Tyr Gly TNr Sin 

4gS ISO 
His Asi? Tk m m His Bis Asp Tie Ih 0iy Trp Thr kg Sk Sly 

44S 44§ 
Asp SsF Ser His Pro hsn Set Gly ieu Ala thr ll& Met Ser Asp 8|y 

455 ISO 
Fro G!y By ^so lys Trp Met fyr Vg My lys His lys Ala Sly mn\ 

m m 

M Trp Arg Asp He Thr Gly Asi^ Arg Ssr oiy Tfrr Vai Thr: 11^ Asn 



m 



Ala Asji Sly Trp lly km Phe Thr M Asr Clj Gly Ala Val Ser M 

m 510 

Trp Val in Bin 



5X6 



im£<ixmmt±tm tor S^qmiXG^. No, a; 

( 1 ) S equence Cha r act eri sties t 

( A) Lexigtl^j 1776 base pairs 

(C) Stransaeaiii^ss: double 

(D) Topology i lirsear 

(vi) Original Soxijroet 

CA) Organism; SacilXus sp. 



(B) Strain; K^H-A?i378; 
(Kl) S<eguepce Ij@S0ri|?tioa; Segaervca Mo. 2;* 

ATATMATTT 5AAATGAACA CCTAfmA TATSSTASCB AtTSGBCSC S^SAMMAC 
TTSSgAGTIA GGMiT&AT:A tTAMSSATT TTTTTtGACT- TSTTCTSAAA MWnWM 120 

MATT0M0a mmmm mi m m m m m m ma m m mh m 

Met Lys Iteu His Assr hr$ lie lU M \hl ■ 
I 5 Id 

GTA m ACA CTA TTG TTA OCT GTA OCT GTT TT6 TT? ra TAT AT|: ^irs: 
leu leu Br Leu tsu Lsi/ Ah Val Ala Val Uo pfig prq Tyr fet Tbr 

GAA CCA m m GCC CAT CAT AAT 6611 m AAT 8G8 ACC Af 6 ATS CAG . ' ' g?0 
fiU Pre A U 6 1 a Ala His iiis A&n Gly Thr Asn Biy Thr Ust Met &lh 

38 3§ 40 

TAT TTt OAA T^B CAT TT6 tZk AAT SAC SGG AAG CAC m AAC AGG TTA Hlfi 
Tyr Phs GIs Trp ku fro Asn Asp 61y Aso iiis Trp Asn Arg leu 

45 50 55 

C6A GAT SAC gca gCT AAC TTA AAG AST AAA GG6 ATT ACC &CT mt m 368 
Arg Asp Asp AU Ala Mn In Ser In lie Thr Ala Val Trp 

^8 as ?6 

ATT CCT CCr GCA TG6 AAO GOG ACT TCS CAA AAT 6AT STT 6S5 TAT GST m 
He Pro Ffo Ala Trp iys Thr Ser Gia; Mti Asp Val 01)? tyr Qly 

t§ 80 :g5 

8CC TAT OAT TTS TAC GAT OT 6ST SAG TTT AAC CAA AAG GGA ACC GTC 4B2 
Ala Tyr Asp Leu T.yr Asp Lm My Uu Fhs Asn 01s. Us Oly Tlir Vai 

CGT AlA AAA TAT SGC ACA AGG ACT m TTG CAA GUT GCC 0T8 ACA TCT §10 



igg 



ITS AAA m m 6015 ATT CAA GTT TAT GGG m GTC GTS ATS AAT CAT 
Ley In hm Asb &!j lie Sin Vai Tyr aiy Ass Val Vsl l^et Asn His 
i«« 

AAi\ GOT GGA GCA GAC GOG ACA CAG ATS OTA AAT OCG GTQ GAA GIG AAC 
Lys Oijf Gly Ala Asp 01 3? Ikr SJu m Aso Ala Val Glsj Va| Asti 

m m 

eSA ABC AAC CGA AAC CAA SAA ATA TCA GST SAA TAC ACC ATT GAA SCA 
Arg Ser hm hsa Bn Bh Me Ser Sly Glu Tyr thr lU Slu Ala 
^SS ISO 

tiG AGS AAA TTT SAT TIC CCT GOA MA &SA AAT ACC CAT TCC AAC TTT 
ftp thr lys Pha Asp Pl^s S^ro Arg Gly Aso Thr gis Ser Ass Fh§ 

180 m 
AAA TG5 CGC TGG TAT CAT TTT OAT G6G ACA 8AT m BAT CAG TCA CGT 
lis Trp Arg Trp Tyr His i^h^ Asp gly Tte Asp Tri) Asp Sin Ser Arg 

m MB 

m m tm aac aaa m m am m aga mi Ace gsa aag iga tgg 

Gin leii sin Asfi Lys ile Tyr Lp Arg 8|y Thi: Sly Lys Aia Trp 

205: 210 ^^^^ 215 

GAC m GAA GTA SAT ATA GAS. AAC SQC AAE TAT SAT TAG CFI' ATG TAT 
Asp Trp Olu Val Asp lie Sly Asn m km In Asp Tyr Im. tet Tyr 

225 m 
GCA GAC ATT GAT AT8 OAT CAT CCA GAA GTA ATO: AAT GM CTT ASA AAf 
Ala Asp I le Asp fet Asp ills Pro GTu Va! iU km 01m Isu Ars Asn 
m m m 280 

TS8 UGA CTf TSG TAT ACA AAT AO CTT AAT CTA GAT G6A TTT AGA ATC 
Trp My Va! trp Tvr Thr hm Tht Isu Aso Ley Asp Giy Phe Arg I k 
m zm ggg 



806 



154 



702 



TIB 



846 



mi 



24 



m 


ih:t 


m% 


AAA 


CAT 


AT? AAA 


TAC AGC TAT 


ACS 


AGA 


GAT 


TCO 


CTA ACA 


000 


Asp 




Ui 


tvs 


iiis 


He 




Tyr S&r Tyr 


Thr 


Arg 


Asp 


Trp 


Uu Tiu 










2?0 




















2B0 








CAT 


GTU 


COT 


AAC 


ACC 


ACA 


GGT 


AM CCA ATG 


TTT 


GCA 


Git 


GCA 


GAA TTT 


1038 


His 


Val 


Afg 


As*> 


Thr 


m 


Gly 


iys Prd Met 


Fke 


Ala 


Ul 


Ala 


Gly 










285 










290 










2iS 










m 


AM 


AAT 


OAC 


XTT 


m 


SCA 


ATC 


GAA AAt 


TAT 


TTA 


AAT 


m 


ACA AOT 


1088 


Trp 


Ijs 
308 


A§f} 


Asp 


Lea 


Ala 


Att: 


lis 


Oiu 




Tyr 


i;e;y 
310 


Ash 


in 


Thr 


Sar 




TGG 


AAT 


CAC 


TCC 


GTS 


TTC 


SAT 


GTT 


CCT 


CT? 


GAT 


TAT 


AAT 


m 


TAC 


AAT 




^Trp 


Asn 


His 


Ser 




Phe 


Asp 


Val 




hm 


His 


Tyr 


Asn 


leu 


fyr 


A|n 




m 




















m 










310 






tci 


m 


AST 


m 


see 


TAT 




GAT 


ATS 


AGA 


AAT 


ATT 


TTA 


AAT 


GGT 




Ala 






Ser 


Gly 

m 


Gil 


tyr 




Asp 


Mt 
34Q 


Ar| 


H^n 


lie 


Ley 


Asn 
345 


Gly 




TCT 


GIG 


Wh 


Chk 




M 


GOT: 


ATA 


CAT 


GCA 


GTC 


hth 


TTT 


GTT 


GAT 


AAC 




Ser 


Val 


M 


Gin 




His 


Pro 


lie 


His 
3SS 


Ala 


VaJ 


Tl?r 




M 
B60 


Asp 


hsn 






SAC 


TCT 


CAS 


CCA 


SOA 


SAA 


GCA 


TT8 


SAA 


TCC 


TTT 


GTT 


CAA 


TCQ 


TGS 


!2T8 


His 


ftsp 


Ser 

m 


bin 


f rq 


Sly 


Gk 


Ala 


Leu 


Gfsi 


Ser 


Phe 


3TS 


Gin 


Ser 


Trp 




TTC 


AM 


CCA 


CTG 




TAT 


fiCA 


m 


Alt 


CTG 


ACA 


AGS 


GAG 


CAA 


GGT 


TAC 


IBIG 




sao 


pro 


Leu 


Ala 




Ala 

ia§ 




He 


Ley 


Thr 


Arg 

3S0 


Gly 


Gin 


Gly 


Br 




CCT 


TCC 


6TA 


TTT 


TAC 


OGT 


SAT 


TAC TAC 


OCT 


ATA 


CCA 


ACT 


CAT 


GGT 


GTT 




Pro 




Val 


Phe 


Tyr 




A Sip 


Tyr Ty r 


Gly 


lie 


fro 


Thr 




Gly 


^ai 




395 










m 










40S 










410 




CCT TCO 


ATS 


AAA 


TGT AAA 


ATT 


GAT GCA CTT PG GA6 


GCA 


CGT 


CAA 


ACG 




f rfs Ser 


let 




Set 




lit Asp Pro Uu tsu Gift 


Ala 


Arg 


GUi 


Thr 





ivS m m 

TAT GCC TAC OSi\ ^CC CM GAT OAT T/^T TTT GAT CAT CAT nAT ATT i^T€ I4?fl 
Tk hU Tyr m lUr Sin IHs As:p Tyr Phe Asp His ilis Asp Ue: He 

m m m 

me m ACG AGA GAA GGG GAC AGC TCC CAt CCA AAT TCA GGA CTT GCA 1518 

Gly Trp Tfer Arg Glu Asp Ssr Ser jus Pro Asa Ser Gl.y lea Ala 

445 150 :4p 

ACT AIT ATG TCC GAT m CCA GGG GGT AAT AAA m ATG TAT STG: m im 

thf I U Urn: Ser Asp pro Gly G|j Asn Lys Trp Usl Tyr ^al Gly 

460 m m 

AAA CAT AAA GCT .S&G CAA GTA TSS Mk GAT ATE ACC GGA AAT AGS ICT ' .1811 
Lys; Hi.& lj?S: i^la. Giy !5ln t&l Tfp Arg Asp lis tlir Gly Asn Arg Ser 
4B() 481 49D 

GGT ACC GTC ACC ATF AAT GCA G:AT-SGT TG8 SGO AAT TTC ACT GTA AAC 1082 
81 y Thr V^l Itij JH Am kU mp Sly Trp Sly Am Fbe titr Val Asn 

495 §00 §01 

BGA GBG QCA STT TCG STT TGG GTS AAS CAA TAAATAASSA ACAAGAG6CS WiZ 
Gly Gly Ala M $w Val Trp Val lys Sin 

§10 §15 
AAAATIACTT TCCTACATSC ASA8CTTTCC GATCACTCAT ACACCCAATA TAAATTG8AA 
GCTT 



I??2 



ITTg 
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£LAIMS: 

.1. h Wh SKOiecuie encoding a.3,kaXine Iiqf«^fyin§[ 

2, A E>SA moi®ctil«i as tiefiiied in Claim 1, whldti encodes 
the amino acid sequence dfeserlfe^^a in Sequence No. 1 or a 
iunctionai fragment thex-eof , 

3, h DMA juoleeule encGsiiag a pt-dtssin esthl&ltiJig 
aXkaiiiie iiqtiefyXng a-anjylase activity and iJO^sessin^ 

an amino acid SB<iu&tm& described i^i Sequence No , I in which 
one or saore aijaino acids are suiastituted, added, deleted, 
inver-t@d^ or inserted. 

4» A DNA moiefule as defined in any one of Giaims ;i 
through 3, fus^ther comprising a nuciectide seqtteiice for 
regulating esspfesiBion of a geiiei 

§. A recombinant: E>NA contiainihg t&e 0HA molecule; 
pf one of ClaiiBs I throuj^h 4. 

6* A transfopned mioroorganisjR h^^^ the 
recdsi?fe>inant DJ^A of CXaisR S. 

7, A method for pXQduciJig alkaline liquefying 
a-aroylsse, co^prialKg culturing the transformed siieroorganism of 
Claira & and isolating thes alkaline iiq«efying a-apylase produced 
|»y tbia microprgani3as» 

8. A 0HA molecule wbich hybridizes to a BNA seqiience ^tiifeh 
is co^spl^sientary to the nucleic acid s^qtsence of SBQ ID Kd* 2. 

g, A isrotein isncoded by the 0nj\ moiecule of claim 9, 
18, A DHA molecule which hybridi2:as to a DNA sequence which 
is complementary to the nucleic acid seguerica of SEQ ID Mo. 2, 
>*herein said DMA molecule ©noodes a proteirj haying alfcaiine 



il, A protein fenGd<3«d fej the DHA jsoleciile of Clai^ il- 
ls, 1^he recofisiaXnant DMA pX^smid gAMLlOO. 
13. ThB recombinant E, celx strata HB10l{pAML100) . 



coritrainlrsg the DNA f xraigssiant ^ a tJTBns formed microoraanissn 
harborisig -th® recombliissnt as well as a mathoci for 

produaing alkaline liquefying a-am^laste using the 
transf CiCTus:nt > The metho<^ of the presmt in-vj-ejitian enables 
Ks^s^ production of alkalijie liquefsri^ag a-sm^^lase 
u^afiil a det^ergent: cptnponent. 
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©^iglnal claims 4, 9, 11 amer^ded; re^sainlog cl&ims uncMoged (2 pages)] 

1, A DHA mQl&culB Bnoodxng aik&Xine iiq«efjing 

2. A SNA molecule as defined in Claim 1, which encode^ 
the amino acid sequence descriJsed in Sequence 1 or 

f ux)tC'tloyiaX fxagsaent: t:herecjf i 

3 * A DN^i maXecuI.e encoding a pfot&ln ©KMbxting 
alkslin^: li^ussfyiiig ji~smyXase activity end posseseing 
an aiRitio acid ^^equ^«ca descrifoed t?^ SeQueace Mis- X ia vMcfe 
one of more amlad acids ^safo^ti-tuted, ^dded, deleted, 
invertad, or Insert^ed, 

4, A SHA molecule as defined in any one of ClatiBS 1 
through 3^ fvsrther cosaprisijrtg a nueXfeOtxd,© sequence for 
reguXating e;8;preseion of a gene, 

5 . A recQihtein.^3Rt DMA 0ariteisiif50 the DMA laoIecuXe 
of any c?ne cf GXaims X tiirotigh 4, 

6-. A tranef orsaed mXcroorgaiixsssi ha3?boring tiie 
recombinant DHA of CXaim S, 

7* A method for producing alkaline liqi^efylng 
a-amYlaee, coaiprisxng culturlng the transformesa mtqroqrganisis of 
CXalia 6 and ijsoiaiing the aikaixhe ii;gue:f^ing a^^ylas® produced 
by the microorganism, 

8 . A DNA moiepule which hyhridi«es to a tmh ^®qu^nc& which 
i« oompXeiBjentary to the nucleic aoid sequence of SSQ IB Mo> 2 . 

9 , A p^ot^ia ancoded by t:he sha ajolecule of claims 1 Uiroucrh 4, 
XO. h mh moiectti« which hybridls;es to a DKA sequence which 
is compiaffientas^y to the nucieic acid sequence of SEQ ID No- 2, 
%>fherein said ONA moiecui© encodes a ps-dtein having aikaline 
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ixguefylng a-amyiase act;lvlty, 

11. A protein feflcode^ &y tha DNA mblfeb«ie of Glalijs 10, 

12 . The. xrscomfeima.n-t mm p X a ssi l a p AMI- 1 00 . 
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